The method of chemical mutagenesis allows in a relatively short time to obtain a material with new features and properties, including completely new mutations. The effectiveness of the application of the method for the creation of selection valuable forms of plants in various soil and climatic conditions is shown in the works of a number of authors. The purpose of this work was to study the effect of the mutagen namely phosphomide in different concentrations on the agrobiological characters at the hybrid form and the initial cultivars of spring soft wheat (Triticum aestivun L.). Two domestic cultivars (Scant 1, Scant 3, var. lutescens) and three foreign cultivars (Cara, var. erythrospermum; Hybrid, var. ferrugineum; Lutescens 70, var. lutescens) were the source material. A preliminary study of the varieties was carried out in 2006 -2008 . In 2009 , hybrid combinations involving these varieties were obtained using incomplete diallel crosses and forced pollination. The efficacy of phosphomide, a chemical mutagen, at concentrations of 0.002 and 0.01 % was studied in two varieties (Cara and Scant 3) and F 4 hybrid (Cara ½ Scant 3). For the treatment, the seeds were soaked in phosphomide solutions for 3 hours, and the control seeds were soaked in distilled water. Germination energy and morphometric parameters of the seedlings were evaluated in laboratory tests to calculate the growth inhibition indices. In the spring 2014, 25 mutagen-treated seeds were sown in the field (Biostation of Tyumen State University, Tyumen Province) in 4-fold replication separately for each variant of treatment to obtain M 1 generation. From individual M 1 plants were separately derived M 2 generation. Resistance of the specimens toward leaf fungus diseases (powdery mildew, leaf rust and spotting) was assessed under natural infection development (Biostation of Tyumen State University, Tyumen Province) during the entire vegetation period, from appearance of the symptoms till the leaves dried up, using laboratory tests for specific pathogen identification. The results obtained suggest that the use of phosphomide promotes diversity of the breeding material. In the first generation (M 1 ), there was an inhibitory effect of phosphomide on field wheat germination and the morphometric parameters of seedlings (the length of roots and shoots) which depended on the mutagen concentration. The seedlings showed the least tolerance to phosphomide as to the number of germinal roots. The effect of stimulation compared to the control occurred in the hybrid combination Cara ½ Scant 3 as to seed germination energy indices (by 5.9 %) in the laboratory tests and plant viability in the field during the growing season (by 14.0-80.0 %). The mutagen increased significantly the grain weight per 1 m 2 in the hybrid (by 16.0 %) while the grain yield in the varieties Cara and Scant 3 decreased by 67.0 and 57.0 %, respectively. In high concentration (0.01 %) the mutagen reduced resistance to powdery mildew and brown rust in the varieties whereas in the hybrid at the same concentration the susceptibility to powdery mildew decreased, and to brown rust -increased. The phenotypic changes in M 2 were assessed according to the morphology of the ear, stem, leaves (color, pubescence, shape, size) and biological properties (late ripening, early ripening, winter type plants). In total, there were 12 types described. Plants with a large ear, strong stems, stunted and
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The method of chemical mutagenesis allows in a relatively short time to obtain a material with new features and properties, including completely new mutations. The effectiveness of the application of the method for the creation of selection valuable forms of plants in various soil and climatic conditions is shown in the works of a number of authors. The purpose of this work was to study the effect of the mutagen namely phosphomide in different concentrations on the agrobiological characters at the hybrid form and the initial cultivars of spring soft wheat (Triticum aestivun L.). Two domestic cultivars (Scant 1, Scant 3, var. lutescens) and three foreign cultivars (Cara, var. erythrospermum; Hybrid, var. ferrugineum; Lutescens 70, var. lutescens) were the source material. A preliminary study of the varieties was carried out in [2006] [2007] [2008] . In 2009, hybrid combinations involving these varieties were obtained using incomplete diallel crosses and forced pollination. The efficacy of phosphomide, a chemical mutagen, at concentrations of 0.002 and 0.01 % was studied in two varieties (Cara and Scant 3) and F 4 hybrid (Cara ½ Scant 3). For the treatment, the seeds were soaked in phosphomide solutions for 3 hours, and the control seeds were soaked in distilled water. Germination energy and morphometric parameters of the seedlings were evaluated in laboratory tests to calculate the growth inhibition indices. In the spring 2014, 25 mutagen-treated seeds were sown in the field (Biostation of Tyumen State University, Tyumen Province) in 4-fold replication separately for each variant of treatment to obtain M 1 generation. From individual M 1 plants were separately derived M 2 generation. Resistance of the specimens toward leaf fungus diseases (powdery mildew, leaf rust and spotting) was assessed under natural infection development (Biostation of Tyumen State University, Tyumen Province) during the entire vegetation period, from appearance of the symptoms till the leaves dried up, using laboratory tests for specific pathogen identification. The results obtained suggest that the use of phosphomide promotes diversity of the breeding material. In the first generation (M 1 ), there was an inhibitory effect of phosphomide on field wheat germination and the morphometric parameters of seedlings (the length of roots and shoots) which depended on the mutagen concentration. The seedlings showed the least tolerance to phosphomide as to the number of germinal roots. The effect of stimulation compared to the control occurred in the hybrid combination Cara ½ Scant 3 as to seed germination energy indices (by 5.9 %) in the laboratory tests and plant viability in the field during the growing season (by 14.0-80.0 %). The mutagen increased significantly the grain weight per 1 m 2 in the hybrid (by 16.0 %) while the grain yield in the varieties Cara and Scant 3 decreased by 67.0 and 57.0 %, respectively. In high concentration (0.01 %) the mutagen reduced resistance to powdery mildew and brown rust in the varieties whereas in the hybrid at the same concentration the susceptibility to powdery mildew decreased, and to brown rust -increased. The phenotypic changes in M 2 were assessed according to the morphology of the ear, stem, leaves (color, pubescence, shape, size) and biological properties (late ripening, early ripening, winter type plants). In total, there were 12 types described. Plants with a large ear, strong stems, stunted and dwarfs were more common in the hybrid (13.6-20 .0 % of the total number of modified forms). The varieties often produced early ripening forms (16.4-24.2 %). The proportion of families with altered plants in the varieties was 5.3 % less than in the hybrid. The highest rate of modifications in the varieties and the hybrid was influenced by 0.01 % concentration. Thus, it is shown that phosphomide at concentrations of 0.002 and 0.01 % is effective to improve agronomically important characteristics in the varieties and intraspecies hybrid of soft spring wheat.
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The basis of food and bioresource safety is the genetic resources of plants. By the middle of the 21st century, up to 60 % of their species composition can be lost [1, 2] . The loss of plant resources is considered as one of the ecological crisis factor of the biosphere [3] ; therefore, a strategy for the conservation and sustainable use of the biodiversity is necessary, including its expansion by classical and modern methods.
The traditional method of chemical mutagenesis allows organisms with new characteristics and properties to be obtained in a relatively short time [4] . It is still widely and effectively used to create valuable plant forms in various soil and climatic conditions, including in Western Siberia [5] [6] [7] [8] . The development of mutational selection can be associated both with the use of known chemical supermutagens (N-nitrosomethylurea, N-nitrosoethylurea, ethyleneimine) and with the discovery of new highly active substances [9] . These include chiral stereoisomers used in the herbicide, insecticide and fungicide production industry [10] . The mutagenic effect is also shown by alkylating agents, nitrous acid, nitrogen oxide, analogues of nitrogenous bases and related compounds, antibiotics, intercalating agents and topoisomerases of poisons [11] .
Diethylenimid-2-amidopyrimidylphosphoric acid (phosphomide) consists of two groups of ethyleneimine combined with phosphorus and a pyrimidine base. Ethyleneimine causes mutations; the pyrimidine base is incorporated into the chromosome during DNA synthesis, determining effect specificity. The mutagenic effect of phosphomide [12] was studied earlier on the Crepis capillaris L. model. Studies with Triticum aestivum L. have not been carried out. The necessary working step in experimental mutagenesis is determining the ranges of concentrations in which the desired effects are possible.
The specificity of the mutagenic effect of phosphomide on varieties (Cara and Scant 3) and the hybrid form of spring soft wheat has been studied for the first time in this work; and the effect of a chemical mutagen gene on the variability of population and individual characteristics has been determined.
Our goal was to study the effect of phosphomide in different concentrations on the agrobiological traits of spring soft wheat. [13] . In 2009, hybrid combinations involving these varieties were obtained using incomplete diallel crosses and forced pollination [14] .
Comparative field evaluation of hybrid and parental forms was carried out in 2010-2014 when planting in blocks with 10½20 cm feeding area of each plant in the first stage (F 1 ) and then in subsequent sowing (F 2 , F 3 , etc.) by families (offspring of one plant). For each hybrid combination in F 1 , more than 50 plants were analyzed, in F 2 and subsequent generations 200 plants and more were tested.
The efficacy of phosphomide at concentrations of 0.002 and 0.01 % was studied in two varieties (Cara and Scant 3) and in F 4 hybrid (Cara ½ Scant 3). The seeds were submerged in phosphomide solutions for 3 hours. The control was the seeds submerged in distilled water. A total of 300 seeds of each variety and a hybrid combination (100 in each variant of the experiment, i.e. the control, 0.002 % mutagen, 0.01 % mutagen) for laboratory and 300 seeds for field studies were used.
The germination energy and the morphometric parameters of the seedlings were evaluated in laboratory conditions [15] . Growth inhibition indices were calculated as the ratio of the length of the roots, shoots and number of roots of the seedlings under the action of the mutagen and in the control.
The generation M 1 was studied in field experiments (Lake Kuchak Biostation of Tyumen State University, Tyumen region). In the spring of 2014, 25 seeds were sown in 4-fold replication separately for each mutagen treatment. The M 2 progeny were obtained individually from each plant. Resistance of specimens to fungal diseases (powdery mildew, leaf rust and leaf spotting) was assessed under natural infection development during the entire growing season (from the appearance of the first symptoms of the disease till the leaves dried up) [16] . The pathogen was identified using microscopy and moist chamber method [17] . In M 2 , phenotypic changes were assessed according to the morphological features of the ear, stem and leaves (color, pubescence, shape and size) and biological properties (late ripening, early ripening and winter type plants).
Data processing was carried out using Microsoft Excel spreadsheet and STATISTICA 6.0 software (StatSoft Inc., USA). For quantitative traits, the mean values (X m ) and the error of the mean (S x ) are presented in the tables; for qualitative traits, the value (X ) and the indicator of traits variability (S) are shown. The significance of the differences between the mean values of the variants was estimated using the Student t-test.
Result. The variety Cara belonged to the group of undersized varieties (plant length of 54.9 cm), and was resistant to lodging (7-9 points). The vegetation period was 77 days like that in Hybrid, but was 5-6 days less then in Scant 1, Scant 3 and Lutescens 70. This variety was resistant to powdery mildew and, according to GRIS (Genetic Resources Information System for Wheat and Triticale), carries Lr13 gene for resistance to rust a stable allelic state. The Hybrid variety showed high adaptive properties in the extremely unfavorable meteorological conditions of 2008. During the seeds germination and the shoots formation, the amount of precipitation was 68.6 % of the norm, and the average daily air temperature was 0.5 С above the multiyear average; there was an active fly-out of the Osinosoma frit L. The variety was characterized by high drought resistance (7 points) and medium resistance to pest damage (5 points). The varieties Scant 1, Scant 3 and Lutescens 70 are included in the State Register of Selection Achievements approved for use in the 10th West Siberian region of Russia. These varieties are medium-ripening (82-83 days), with high field germination of seeds and productive tillering, as well as moderate susceptibility to diseases.
Based on the study of 10 combinations of intraspecific crosses (F 1 -F 4 ), the hybrid Cara ½ Scant 3 was selected according to combinational ability, the character of gene interaction and dominance in F 1 , transgression and heritability in F 2 . Its high productivity was confirmed by ecological testing of hybrids F 4 and F 5 in three geographical locations essentially differing in climatic conditions: the experimental field of Lake Kuchak Biostation (Tyumen State University, Tyumen region, Russia), the Land of Baden-Württemberg (experimental field of the Waldorf School, Germany), and Lower Saxony (Experimental Station Waldhof, Germany).
In The possibility of using recombination and mutational variability was considered to expand the biodiversity of T. aestivum L. One of the main criteria for the successful use of the mutagen of phosphomide was the proportion of modified plants. In total, 1238 M 2 families for Cara and Scant 3 varieties and 636 families of the Cara ½ Scant 3 hybrid were analyzed (Table 1 The genotypic features of varieties and a hybrid on the relative output of valuable forms could be established based on response to different doses of the mutagen. The greatest number of mutants, both in the parental varieties and in the hybrid, was found at a mutagen concentration of 0.01 %.
The hybrid significantly differed from the varieties on spontaneous mutation frequency (3.6 % for the populations of the varieties, while among hybrid families mutant plants were 2 times more frequent and reached up to 7.2 %).
Phenotypic mutations in variants with the use of a chemical mutagen proved to be quite diverse. The following valuable types were distinguished in M 2 : tall, low-growth, dwarfs, large-sized, winter-type plants, late ripening, early ripening, with a wide flag leaf, with altered shape and color of spike (spelled, pyramidal, yellow) and with strong straw. In the hybrid form, 8 mutation types of 12 detected were observed. The greatest frequency of the mutagen forms (30.33 %) was found in the hybrid at 0.01 % phosphomide concentration, and in Cara variety (15.31 %) at 0.002 % phosphomide concentration. Tall plants with a large ear, early or late maturation were recorded more often, plants with a modified shape of the ear were less often. Hybrid plants were mostly large-sized (ear length 16.5-21.8 cm) (20.0 %); tall (89.3-103.5 cm in height) (18.2 %); with a solid straw (resistance to lodging 9 points) (13.6 %); undersized and dwarfs (39.8-61.2 cm in height) (16.4 %). Early-maturing forms (3-5 days earlier than in the control) appeared in a larger number in the Cara and Scant 3 varieties (24.2 and 12.3 %, respectively). A speltoid spike was found in five M 2 plants grown from seeds treated with 0.01 % phosphomide and tested in M 3 . These mutations were not revealed in M 1 despite the fact that they are dominant and semi-dominant. Grain in speltoid spikes is characterized by increased protein content [19] ; speltoids have been cytogenetically studied in the mutants in detail [20] . The observed differences in the frequency and diversity of the mutant forms in the hybrid and the initial varieties may be related to their susceptibility to the mutagen.
To differentiate the varieties and the hybrid on their response to mutagen, we estimated root and shoot growth in the laboratory experiment and calculated the indices of growth inhibition. The indices, as a criterion of plant re-sponse to stressors (low temperatures, aluminum ions, fluorides, lead nitrates, oil pollution, etc.), are widely described [21] [22] [23] . In our experiment, the number of germinal roots in seedlings reflects their tolerance to phosphomide (Table 2 ). Significant differences from the control were found only in Scant 3 variety at 0.01 % mutagen concentration when the root number index amounted to 0.47, while in other variants of mutagenesis it reached 0.85-0.99.
The strongest toxic effect of phosphomide on the primary root system appeared at a concentration of 0.01 %, when Cara variety showed the maximum sensitivity to the mutagen (RLI = 0.41). In this variety, the shoot length reduced by 61.0 % at a low mutagen concentration (0.002 %), while 0.01 % concentration led to only a 41.0 % decrease. In Scant 3 variety and Cara ½ Scant 3 hybrid, a higher toxic effect was observed at 0.01 % mutagen concentration. Phosphomide did not stimulate root and shoot growth. The greatest inhibition of growth in the parental varieties and the hybrid was noted at a 0.01 % mutagen concentration.
The germination energy in laboratory experiments and field germination are the criteria for assessing the sowing qualities of seeds. Mutagen at a concentration of 0.002 % had a stimulating effect on seed germination rate in the hybrid form, and also contributed to germination energy in Cara which was 5.9 % higher as compared to that of the best parent variety (Table 3) . The control seeds of the varieties and hybrid were characterized by high field germination (97-100 %). A decrease in this index was noted in all variants with phosphomide, which may be due to violation in embryo development. Cara variety showed a high sensitivity to the mutagen at a concentration of 0.01 %. Biological sustainability of plants in this variant, calculated as the ratio of the number of plants that survived to harvest to the number of sown seeds, was very low (27.0 %). In the hybrid form, in contrast to the parental varieties, the toxic effect of high concentration on field germination was less pronounced, and the effect of stimulation was observed for biological stability. The increased resistance of F 4 hybrid to the chemical mutagen could be due to heterozygosity associated with the hybrid origin or induced by phosphomide.
Quantitative trait expression, in the opinion of many researchers [24] [25] [26] [27] , depends on duration of vegetative period, plant length, resistance to lodging, and the sensitivity of photosynthetic apparatus to unfavorable environmental factors. The yield is the result of the complex interaction of the genotype with the environment [28] [29] [30] .
We revealed an ambiguous plant response to the mutagen by seed production in M 1 . When the seeds were treated with phosphomide at a concentration of 0.01 %, the stimulatory effect in Cara ½ Scant 3 hybrid was manifested in a statistically significant increase of grain weight per 1 m 2 by 16.0 % compared to the control. Also, there was a significant decrease in seed production in Cara and Scant 3 varieties (by 67.0 % and 57.0 %, respectively). The hybrid, which is more resistant to the chemical mutagen, as indicated by plant survival, also had higher grain weight compared to the original forms.
Parental and hybrid forms differed significantly in the prevalence (P) of fungal diseases under natural infection. In 2013, wheat plants had no leaf damage caused by mildew pathogen Erysiphe graminis DC. and brown rust pathogen Puccinia recondita Rob. ex Desm. f. sp. tritici Eriks. (= P. triticina Eriks.). The prevalence of powdery mildew reached a maximum (100 %) in 2014.
The highest activity of spotting caused by Alternaria spp. and Helminthosporium spp. was recorded in 2013 (P = 2-50 %). In this case, the Cara ½ Scant 3 hybrid, when seeds were treated with phosphomide at a concentration of 0.01 %, had the lowest prevalence of spotting (Table 4) . A full picture of plant resistance to leaf phytopathogens can be obtained by determining the damage and disease development indices (R), calculated based on accounting sick and healthy plants and the damage score. Four groups were distinguished by disease development indices: very high resistance (R = 0-20 %), high resistance (R = 21-40%), medium resistance (R = 41-60%), low resistance (R = 61-80%). In M 2 generations of parental varieties, there was a decrease in resistance to powdery mildew and brown rust pathogens from high and medium in the control to low at 0.01 % mutagen concentration. Under the influence of a high phosphomide concentration the hybrid susceptibility to powdery mildew decreased and to brown rust increased. The plants in the control and after the application of phosphomide showed high and very high resistance to spotting (Table 4) .
In general, our laboratory and field experiments showed that phosphomide had activity similar to that of nitrosoethylurea and dimethyl sulfate supermutagens at 0.01, 0.02; 0.03 and 0.05 % concentrations, which we studied earlier on Truggve, WW 5530 and WW 6110 winter wheat varieties from Sweden [8] . The data obtained suggest that the phosphomide can be used in mutagenesis and spring soft wheat breeding. The role of experimental mutagenesis is confirmed by the creation in the world of more than 3000 varieties of different crops [31] .
Thus, 0.002 and 0.01 % phosphomide concentrations effectively generated mutant plants in the spring soft wheat varieties and the intraspecies hybrid. Treating seeds with phosphomide led to a strong inhibitory effect on germination and morphometric parameters in seedlings which depended on the mutagen dose, and increased plant viability during the growing season. The hybrid Cara ½ Scant 3 had an advantage over the parents on seed production. Mutagen concentration of 0.01 % generated an increase in plant resistance to powdery mildew. A lower sensitivity to the mutagen in M 1 and a greater frequency and variety of mutants in M 2 were characteristic of the hybrid as compared to the parental varieties. There was no clear correlation between the susceptibility of varieties and the hybrid to phytopathogenic fungi and phosphomide concentrations. Differences in response to the mutagenic factor between the initial varieties and the hybrid form were due to the genotypic features of the varieties and to heterosis and heterozygosity of the hybrid. This can positively result in high adaptability which provides increased adaptation to unfavorable environmental conditions in newly created wheat varieties.
